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Abstract:  The  presented  article  focuses  on  characteristic  of  possibilities  to  use  of  ICT  tools  in 
automotive traffic. There are specified selected potentialities for a network connected to automotive 
integration in near future. There is also considerable innovation in the field of Internet-enabled in-car 
systems.  In  this  contribution  we  want  illustrating  affects  of  Internet  networking  in  automobiles  by 
examples of applications. The goal is to present conceptual model of vehicle connected to external 
interfaces. Subject of article covered the tendencies in the development of the specific application in 
automotive  sector.  Objectives  is  an  increased  public  perception  and  customer  acceptance  of  cars 
network systems which is suitable for multiple application domains – external connectivity, networking, 
security, diagnosis, integrated safety management etc.  
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Introduction  
The automotive industry is associated with innovations progress by adopting new technologies and 
capability of response to constantly emerging challenges. Innovations are key differentiating features 
in the marketplace of automotive marks. This paper analyses the driving forces for R&D in the area of 
cars  networking  and  conceptual  aspects  of  automotive  connectivity  applications.  Advances  in 
Information Communication Technologies allow implementing this idea in the near future. 
1.  Innovative automotive applications based on wireless 
The automotive industry is one of the most innovative sectors and quality leadership. Innovations must 
prove  their  worth  in  practical  applications,  when  solution  is  integrated  into  existing  systems  and 
infrastructures. Future intelligent systems installed in cars will be able to take control from the driver 
and  they  autonomously  drive  the  car.  For  example  in  research  paper  (Sol,  E.T.  et  al.,  2008)  is 
specified the five generations of innovative intelligent systems in vehicle: 
a)  First  generation  -  the  exchange  of  information  between  the  vehicle  and  road  network 
(navigation systems, speed alert, reservation and payment systems etc.). 
b)  Second generation - comprehensive exchange of information; there are systems that support 
both the driver and traffic manager: vehicles transmit and receive information about hazards 
and congestion via vehicle-to-vehicle communication. 
c)  The third generation is equipped with systems for communication between the cars (C2C) and 
also between the vehicle and transport infrastructure (C2I).  
d)  The fourth generation is focused on the urban environment; car will have e.g. the option of 
automatic control at low speeds, GPS to be more precise than 1 meter. 
e)  The  fifth  generation  allows  to  automatic  control  at  high  speeds  through  the  network  of 
electronic systems.      
Advanced  automotive  functions  are  increasingly  dependent  on  software  and  electronics  systems. 
Consumers’ increasing web sophistication is driving the growing interest in this. 
The sectorial publication (Siemens, 2008) declares that software and electronics now account for 70% 
to 90% of all automotive innovations. Additionally challenges for innovation are: 
  The  rapidly  evolving  field  of  entertainment  electronics  is  having  a  significant  impact  on 
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  In-car Internet systems: Secure, reliable communication links to car. 
  Eco  telematics:  Real-time  provision  of  navigation  data  and  information  on  the  car-external 
environment such as gradients, curves and road type for the use of vehicle control functions. 
  Telematics: Development and operation of special telematic devices and applications including 
call-center services for customer support (remote diagnostics and emergency).  
  Car2X communication: Information interchange between vehicles on the move or with traffic 
signs or displays (for example, for providing warnings about traffic jams).  
These trends give rise to promising attractive market segment as declare published scenarios (KPMG, 
2012) for future development in automotive (see graph at fig. 1). 
 
Fig.1: Control over the revenue from in-car connectivity by 2025. Source: KPMG study 
Best in class car producers (OEM – original equipment manufacturer) and IT companies are realizing 
the development in cooperation to use car potential as a gateway to the internet, as access point to  
a  connected  world  but  not  just  in  regard  to  entertainment.  The  new  technology  intelligent  plug-in 
solution and interfaces enhances safety by helping vehicles communicate with external environment 
(e.g. satellite navigation: car-to-car, traffic systems: car-to-infrastructure, service station: car-to-OEM 
etc.).  
To keep cars equipment with the latest technology  throughout the life cycle of vehicle, a modular 
approach can be adopted, enabling new connectivity developments to be continually integrated within 
the existing chassis. 
2.  Connection possibilities of vehicle interfaces 
Automobile manufacturers are incorporating wireless communications into both economy and luxury 
vehicle models as safety regulations and consumer expectations of anytime anywhere connectivity 
increase demand for vehicle assistance services, location-aware applications, and infotainment. To 
compete successfully, manufacturers not only need reliable wireless connectivity to cellular networks 
but  also  wireless  technology  that  minimizes  total  cost  of  ownership,  from  production  to  customer 
service. Car manufacturers need a quality driven technology partners they can count on from concept 
to end-of-life. 
Standard wireless automotive applications in car outfit are e.g. (AUDI, 2012): 
  eCall 
  Driver / Roadside assistance 
  Stolen vehicle tracking and recovery 
  Navigation 
  Remote vehicle immobilization / Door lock controls 
  Remote diagnostics 
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The  vehicle  of  future  will  be  a  communications  “wonder”.  As  another  node  on  the  Internet,  it  will 
connect with other vehicles (V2V connectivity), the transportation infrastructure (V2I) and to homes, 
businesses and other sources (V2x). 
Cooperative  vehicle-infrastructure  systems  are  based  on  continuous  communication  and  network 
connection  management  for  mobile  local  wireless  LAN  and  infra-red,  and  wide-area  cellular 
communication (T-Systems, 2008). 
The schematic model of networking possibility in car is show at fig. 2. 
 
Fig. 2: Connection possibilities in vehicle. Source: author’s paste-up  
The connected vehicle will enhance the driving experience in three specific areas: 
  Safety:  Connectivity  will  give  the  driver  access  to  extensive  information  about  congestion, 
accidents, road conditions, work zones, weather changes and hazards. It will enable vehicles to 
communicate with others in proximity, warning of such things as unsafe lane encroachment or 
impending collision.  
  Driver  assistance:  The  connected  vehicle  will  be  able  to  optimize  routes  based  on  fuel 
economy, real-time changes in traffic conditions and minimal tolling. Consumers can expect 
their vehicles to offer limited self-driving capabilities, such as autonomous parking, depending 
upon  rate  of  adoption  and  regional  regulatory  acceptance.  The  vehicle  will  become  an 
extension  of  lifestyles  with  entertainment  solutions  (streaming  audio,  video  and 
communications) that allow seamless transition between mobility, office and home.  
  Service:  The  connected  vehicle  will  be  able  to  use  real-time  remote  diagnostics  and 
prognostics to assess operating conditions and affect some degree of self-repair. Software and 
other  service  patches  to  electronic  systems  will  be  automatically  delivered  to  the  vehicle, 
keeping it updated with little consumer involvement.  
IT quality and reliability as well as the global availability of IT applications increase. But the limit of 
global establishment in vehicles is permanent real-time connectivity.   
3.  Challenges of vehicle connecting functionality development 
Automotive  applicable  solutions  are  designed  by  engineers  experienced  in  both  parties  -  the 
automotive  and  wireless  industries,  with  in-depth  knowledge  of  the  markets  challenges,  and  can 
ensure customer satisfaction and low maintenance costs with proven wireless technologies designed 
for easy integration. 
Next challenges in field of connecting vehicles to wireless services in automotive industry are explain 
and summarized in table 1. 
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Tab. 1: Factors of expansion of wireless services in automotive. Source: (Sierra Wireless, 2010)  
Trends 
▪  In-vehicle wireless communications as a competitive differentiator 
▪  eCall initiatives 
▪  Stolen vehicle recovery programs 
▪  In-vehicle Internet 
Challenges 
▪  Modules and production that allow cost-effective wireless functionality for vehicles 
of all price ranges. 
▪  Easy application integration into software and components. 
▪  Device components that last the lifetime of the vehicle 
▪  Time-to-market 
▪  Real-time data collection and monitoring 
▪  Data security and transmission reliability 
▪  Global wireless mobility 
▪  Cost-effective maintenance and management 
Application 
▪  Reduce cost, size, and integration complexity with automotive grade 
microprocessors that combine wireless communications, GPS, and programmability 
in a single embedded module. 
▪  Reduce development costs and time-to-market with highly programmable intelligent 
modules, a real-time open operating system, development tools, plug-ins for easy 
integration and compatibility. 
▪  Support high volume production, eliminate internal connectors, reduce size, and 
increase durability.  
▪  Depend on wireless components trusted by emergency and first responder services 
for session persistence and consistent performance. 
▪   Minimize quality issues with modules manufactured in an ISO/TS compliant facility, 
and designed to meet industry processes, quality, and life span requirements. 
▪  Use modules pre-certified with network operators and long-standing relationships 
with leading wireless network operators to facilitate network certification and 
connection. 
▪  Deliver real-time monitoring of multiple parameters with wireless devices that 
support broadband IP connectivity, secure layer protocol, and images/video 
transmission. 
▪  Ensure accurate data transfer with secure, missioncritical wireless data 
performance and real-time operating system functions. 
▪  Get wireless connectivity anywhere a mobile phone works with interfaces that 
support all major cellular networks. 
▪  Reduce cost of service and warranties with components ruggedized to withstand 
extreme temperatures, vibration, and humidity. 
▪  Minimize maintenance costs of managing large device populations for remote 
diagnosis and over-the-air software upgrades. 
The aim is to develop a reliable and secure exchange of information through standardization of open 
and semi-open application platforms. 
Main  requirements  to  specialized  suppliers  that  developed  of  those  systems  for  automotive  are 
(Freescale Semiconductor, 2006): 
  High quality, certified facility; 
  Reduce cost with compact modules designed to support high volume production;  
  Ensure durability that lasts the lifetime of the vehicle with ruggedized designs;  
  Simplify  integration  with  programmable  features  and  an  open,  comprehensive  development 
environment; 
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  Reduce recall campaigns, speed up deployment, and allow over-the-air upgrades with powerful 
device and service management capabilities. 
R&D  engineers  and  specialists  have  experience  in  both  the  automotive  and  telecommunications 
sectors and understand that wireless functionality involves more than just adding a modem to the 
vehicle. 
The management of new systems in terms of cars networking involves partnerships and collaborations 
with  various  interested  players:  telecom  operators,  software  publishers,  digital  services  providers, 
manufacturers and suppliers in automotive etc. 
4.  Model of cars networking 
The  vehicles  of  the  near  future  will  be  “intelligent”  and  new  technologies  will  provide  for  greater 
assistance in navigation, enhanced driver information about the vehicle, its environment and vehicle 
connectivity. Connectivity and lifestyle trends will change the way cars are used. This experience will 
be a key differentiator in attracting consumers, especially in the areas of driver assistance, safety and 
service. 
Key systems integrated (Sierra Wireless, 2010): 
  Dynamic route guidance and navigation; 
  Motorist information on incidents, special events, weather and work zones; 
  Data downloads (entertainment, media, home network, personal preferences); 
  Recovery of stolen vehicles; 
  Electronic payments including toll, drive-through, parking, road pricing service; 
  Remote vehicle diagnostics; Remote vehicle prognostics and self healing; 
  Transfer of vehicle data based on warranty; 
  Customer relations management including vehicle use profiles and dealer use data; 
  Driving-based behavior service / scheduling / alerts / notification. 
Solutions  of  wireless  connectivity  by  intelligent  embedded  modules  are  presented  at  fig.  3.  The 
collected data is put together as a unified environment model that is then interpreted by the computer.  
 
Fig. 3: Model of automotive application of wireless networking. Source: author’s paste-up according to 
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Model inclusive networking possibilities: 
  Car-to-car: increased safety as vehicles can communicate with each other and pass warning 
on dangerous situations such as wet roads; 
  Car-to-OEM / services: technical problems could be diagnosed and even repaired remotely 
(e.g. for software updates); 
  Car-to-enterprise:  offering  new  business  opportunities  to  virtually  all  existing  and  future 
automotive players, from gas station or car park operators to new web services; 
  Car-to-x-connectivity: communication is possible with any internet-capable device; 
  Car-to-infrastructure: traffic jams and red lights could be identified before they are reached. 
Sensors,  software  and  wireless  communications  will  enable  the  vehicle  to  detect  road  conditions, 
recognize  other  vehicles  and  pedestrians  near  its  space  and  sense  environmental  changes.  The 
vehicle  will then have the capability  to  either self correct or communicate  information back to the 
driver. The car will be in permanent dialogue with other vehicles and the traffic infrastructure; the car 
will send corresponding warnings directly to other road users who are potentially at risk. Information 
exchanged in this way will help to avoid traffic jams, prevent accidents and find a parking space at any 
time. All parking spaces will notify the control centre of whether they are occupied or free. Connectivity 
will  allow  vehicles  to  respond  to  developing  traffic  situations,  find  alternate  routes  and  anticipate 
impending  collisions.  Connectivity  will  also  allow  sensors  in  the  infrastructure  to  regulate  traffic 
according  to  conditions.  Emergency  vehicles may  command  the  infrastructure  to  stop  or move  all 
traffic in its path - cars may be stopped or moved to avoid an intersection violation. Telematics will 
enable the vehicle to diagnose operating problems and self heal. OEMs and dealers will be able to 
offer more comprehensive customer relations management by maintaining, with consumer agreement, 
vehicle usage data and consumer preference profiles (Volkswagen, 2009). 
Complex solution will provide domain-independent services that can be customized to the needs of  
a particular application domain addressed to the automotive. 
Main advantages, which are preferred for automotive customers, can be summarized on the part of 
(AUDI, 2012): 
  Easy integration of wireless and GPS: 
-  Simple-to-deploy, programmable mobile cellular connectivity for 2G up to the latest 3G air 
interface support; 
-  Modules with reliable, sensitive GPS reception. 
  Secure, reliable data transmission: 
-  Mission-critical reliability with persistent network connections that reconnect automatically; 
-  Operating system provides advanced security features. 
  Cost-effective, high-volume components: 
-  Designed  for  streamlined  product  development  and  easy  upgrading,  for  high-volume 
automotive production requirements. 
  Rugged, high-quality, long life components:   
-  Ruggedized designs comply with environmental requirements of the automotive market 
(vibration, extreme temperature …); 
-  Modules feature low power consumption and standby low power mode to prevent draining 
battery power when vehicles are immobile for long periods. 
The extent, to which these capabilities will be both utilized and effective, will depend upon several 
issues, including adoption of industry-wide standards, technology capability and consumer acceptance 
(see fig. 4). These factors for adopting the connectivity of vehicle in near future are summarized e.g. in 
IBM analytical paper (Rishi, S. et al., 2008). INNOVATIVE APPLICATIONS OF CARS CONNECTIVITY NETWORK – WAY TO INTELLIGENT VEHICLE 
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Fig. 4: Factors of adopting of connected vehicle. Source: IBM study 
The topic of this article (i.e. way to intelligent vehicle) may be associated with the vision of sustainable 
mobility  development.  The  improvement  of  technologies  has  made  both  physical  mobility  -  the 
transportation,  and  virtual  mobility  -  the  use  of  the  Internet  and  telecommunications  technologies, 
easier (e.g. continuous, quicker and safer transport, more services to help people to organize their 
trips  etc.).  The  efforts  to  implementation  of  cars  networking  in  the  traffic  corresponds  to  the 
interpretation of sustainable mobility paradigm: one can understand that for mobility to be sustainable, 
it  must  follow  and  adapt  itself  to  the  new  environment  and  new  needs  of  society  while  avoiding 
disruptions  in  the  societal,  environmental  and  economic  well-being  that  could  offset  the  socio-
economic benefits of accessibility improvement… (Desmartin, Thévoux-Chabuel, 2011). In order to be 
more efficient, sustainable mobility should combine both technological improvement and behavioral 
change.  
Here are simplified examples of the social impacts of congestion in road transport, in connection with 
advantages of car-to-x networking: 
  Opportunity  loss  /  economic  costs:  being  in  a  traffic  jam  can  generally  be  considered 
unproductive time for the people concerned, and wasted from an economical perspective. 
  Maintenance costs: in traffic jams, drivers have to accelerate and use the brakes frequently and 
this  has  a  negative  impact  on  the  technical  components  of  the  vehicles  resulting  in  more 
frequent repairs and replacements. 
  Emergencies / road death: blocked traffic may interfere the passage of emergency vehicles, or 
road users can get stressed being stuck in a traffic jam which again could lead to accidents. 
  Environment quality: if congestion occurs on a main road, many drivers tend to evade and use 
side streets and residential zones affect of noise and air pollution. 
Analysis of topics related to cars networking can refer to a wide range of contexts. 
  From an environmental point of view, technology that produce the inputs and outputs used for 
car networking systems indicate to car drivers the shortest route from one point to another and 
as a result they generate less greenhouse gas emissions, noise, pollution, energy savings. 
  From  a  social  point  of  view,  these  systems  are  able  to  provide  car  drivers  with  useful 
information such as alternative ways to avoid traffic congestions, the quickest way to reach 
their  final  destination;  or  accessibility  of  wireless  communications  allows  interacting  with 
immediate environment and provides travelers continuity of information in time and space. 
  From  a  governance  point  of  view,  some  public  companies  or  national  coordinator  provide 
updated information for their own safer traffic. 
Governments and supranational organizations (like the European Union) are an important players in 
terms of shaping the advanced mobility in global and regional dimensions, they can establish policies, 
implement  programs  and  targets,  finance  projects,  and  encourage  coordination  of  technology 
development (see e.g. concretely action plan of Czech administration (ME CR, 2010)). MILAN KOVAC, ANDREA LESKOVA 
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5.  Support of R&D in cars networking  
Vehicle-to-vehicle  and  vehicle-to-infrastructure  communication  is  expected  to  become  a  powerful 
means to improve road safety and to reduce congestion. Standardization in these areas will pave the 
way for the successful launch of future co-operative systems. To address these goals, a concerted 
action  of  the  relevant  stakeholders  is  needed  at  the  EU  level,  involving  OEMs,  automotive  and 
technology suppliers, road and traffic operators, service providers and public authorities, e.g. through 
efforts in the Car-2-Car Communication Consortium and European Telecommunications Standards 
Institute (ETSI), a range of aspects are being addressed: frequency band usage, ITS architecture, 
data protocols, robust channel access methods, data security, etc. 
The  number  of  road  accidents  is  still  unacceptably  high,  few  years  ago  a  number  of  EUCAR 
(European Council for Automotive R&D) Working Groups cooperated to evaluate the opportunity that 
new wireless communication technologies where offering systems based on vehicle to vehicle and 
vehicle  to  infrastructure  communication  to  improve  road  safety  by  detects  in  advance  potentially 
dangerous  situations.  The  goal  of  the  EUCAR  projects  is  (EUCAR,  2011)  to  create  and  validate  
a universal technical platform to enable a future world where vehicles and infrastructure can freely 
communicate,  interact  and  cooperate,  bringing  benefits  of  greater  safety  and  efficiency,  improved 
mobility and reduced energy consumption and environmental impact by means of: 
  A  standards-based  open  architecture  and  a  prototype  universal  reference  highly  flexible 
platform;  
  A wireless network amongst vehicles and infrastructure; 
  Data fusion, cooperative data management and sharing; 
  Enhanced positioning and mapping solutions; 
  Innovative cooperative applications - warning and interventions.   
Real time driver information provided by on-board systems, interconnected vehicles and via roadside 
infrastructure may lead to more responsible and compliant driver behavior and reduce journey stress. 
The greatest barrier is the creation of global standards. Companies throughout the value net, including 
external players such as government and telecommunications companies, will need to work together 
to establish a common platform that enables vehicles and components from different manufacturers 
and  geographic  locations  to  communicate  seamlessly.  The  most  significant  differences  in  vehicle 
connectivity  by  geographic  region  in  2020  are  likely  to  occur  in  areas  that  require  government 
investment. Developed nations, particularly Japan, Germany and the United States are expected to be 
the leaders in both innovating and establishing the required infrastructure. 
The  major  barriers  to  mass  implementation  of  cars  networking  systems  in  public  transport 
management practice are in general e.g. (Kompfner, P., 2007): 
  Reliable, real-time multi-modal travel and traffic information that can be accessed anytime and 
anywhere. 
  Real  open  frameworks  that  allow  for  system  compatibility  and  inter-operability  that  lead  to 
efficient area-wide traffic management within urban areas and across jurisdictional boundaries 
to interurban roads and adjacent urban areas. 
  Unifies and standardized technology platforms that facilitate in-vehicle systems integration (e.g. 
vehicle-to-vehicle communication in various car’s marks). 
  Enhanced communication, interaction and co-operation of driver, vehicle and infrastructure in 
synergy mode are prerequisites for further significant improvements of applications. 
  It is required to create co-operative support of compatible and reliable interface with in-vehicle 
connecting systems and e.g. various emergency services to exchange information etc. 
  Is absent open and interoperable communication and networking platform (successful tested in 
real conditions) able to use flexibly a wide range of communication media such as cellular radio 
(2G/3G), wireless LAN for automotive (WAVE), short-range microwave (DSRC) and infra-red. 
  Wireless positioning techniques that provide sub-meter accuracy. 
Significant  progress  in  this  area  is  expected  after  re-profiling  of  the  European  global  navigation 
satellite system (GNSS) and integration of EGNOS (The European Geostationary Navigation Overlay 
Service) and Galileo-based applications (EC, 2010).  INNOVATIVE APPLICATIONS OF CARS CONNECTIVITY NETWORK – WAY TO INTELLIGENT VEHICLE 
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The final key will be the rate of consumer adoption. In an environment of steadily increasing prices, 
cost will be a significant factor for the consumer in determining the level of connectivity that will be 
accepted.  Privacy  issues,  such  as  the  degree  to  which  consumers  are  willing  to  share  personal 
information, will also be a concern. 
6.  Conclusion 
Example of using intelligent systems and advanced applications with telecommunication, electronic 
and information technology, that provide more secure and coordinated use of transport network, are 
e.g.: implementation of an automatic emergency call system, monitoring the behavior of participants in 
terms of traffic safety and traffic violations, cashless payment fees, information on parking options etc.  
The goal of next R&D projects is establish a cooperative vehicular communication and driving system 
ensuring  interoperability  of  all  different  applications  of  vehicle  to  vehicle  and  to  infrastructure 
communications for safety and mobility. 
The drivers that can support the development and implementation of cars networking are made of 
information technology and globalization trends. Global integration will allow that the technologies that 
have been separated because of significant geographical and social barriers to be generally available. 
In the future, it will be possible to integrate all mobile devices seamlessly into car. The implementation 
of ICT-technologies will provide a higher level of transparency on the driving situation ahead and thus 
assists the driver in complex traffic situations.  
The driving forces for the development of networking to cars are identified as: technological (major 
factor in the evolution society; this will have a dominant influence in the creation and use of intelligent 
vehicle); economical (significantly reduce the costs caused by accidents and generate revenue from 
the production of intelligent vehicles); environmental (wastes fuel and environmental pollution will be 
reduced); cultural (it will increase the culture of travel and provide new activities).   
Braking forces can be social and political factors. As with any new technology is expected reluctance 
of its adoption. Once people are aware that it is safe and offers numerous advantages will be followed 
by  acceptance,  but  it  may  take  longer.  The  political  aspect  of  technology  can  block  the  lobbying 
interests of various industry groups.  
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